Introduction

M
any studies have focussed on health inequalities among older adults with regard to socio-economic status (SES) operationalized by education, occupation and/or income. Fewer studies have focussed on poverty-i.e. economic resources 'so serious below those commanded by the average individual or family that [the poor] are, in effect, excluded from ordinary living patterns, customs and activities' 1 (p. 31)]-and its significant detrimental effect on physical health and functioning in old age. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] More crucially, the obvious follow-up question as to 'why' poor older adults have poorer health than their economically better-off counterparts has received even less attention. Whereas research attempting to explain the SES-health link by assessing material, psychosocial and behavioural factors has accumulated over the last years, [12] [13] [14] [15] [16] [17] analogous evidence on the poverty-health link remains scattered and partial. Existing studies [18] [19] [20] [21] [22] [23] emphasize the role of adverse childhood circumstances, lower educational achievement, higher environmental risk exposure, higher stress levels and, particularly, more harmful health behaviours as specific explanatory factors for the poverty-health link. However, these studies mostly focussed on single pathway factors-particularly on behavioural factors such as smoking or exercising-and in turn, did not account for mutual confounding respectively direct and indirect contributions of material, psychosocial and behavioural factors. Furthermore, the widespread reliance on cross-sectional data from single countries, provinces, or cities in these studies [18] [19] [20] [21] [22] [23] limits the generalizability of the results and hinders the identification of causal relationships. More robust cross-national and longitudinal evidence on the topic is lacking. Last but not least, poverty risk (PR) is most often operationalized solely as low income which ignores the role of other economic resources such as real and financial assets which are particularly relevant for old-age health and well-being. 11, 24 Against the backdrop of these shortcomings, the purpose of this article was (i) to assess the impact of combined income and asset PR on frailty-a comprehensive measure of health in old age-and (ii) to assess a broad range of material, psychosocial and behavioural pathway variables in order to explain the poverty-health link among older adults in 10 European countries.
Methods
Data
The Survey of Health, Ageing and Retirement in Europe (SHARE) provides representative data of individuals (50+) in residential households. SHARE currently features five waves, four of which (1, 2, 4, 5) provide panel data from 10 countries (Austria, Belgium, Denmark, France, Germany, Italy, Netherlands, Spain, Sweden, Switzerland) over a 10-year period (2004-13), whereas the third wave conducted retrospective interviews on life histories. Information is obtained through personal interviews, complemented by self-completion questionnaires. The target population of the first wave was born before 1954, and the overall response rate was 61.8%. 
Variables
Frailty index
The frailty index (FI), a cumulative measure of health deficits [25] [26] [27] was computed based on 39 items available in all four waves of SHARE, including self-reported health, diagnosed illnesses, activities of daily living, sensory impairment, body mass index deficit, and grip strength (Supplementary Table S1 ). The FI (range = 0-1) was calculated by dividing the sum score by the number of deficit items.
Poverty risk
We identified older adults to be at PR based on the co-occurrence of low household income and limited wealth at least once during the assessment period. Income PR was defined as <60% of the national median net household income, 28 including all regular sources of income (pensions, social transfers, employment, rent). Asset PR was defined as belonging to the lowest quintile regarding countryspecific household net wealth, which included real (real estate, car(s) and business shares minus mortgages) and financial assets (bank accounts, bonds/stocks/funds, long-term investments minus financial liabilities). 
Socio-demographic/time variables
Education
Education was measured using the International Standard Classification of Education (ISCED-97): primary (0-1), lower secondary (2), upper secondary (3) and post-secondary/tertiary (4-6) education.
Material factors
These factors included (i) severe financial problems, i.e. great difficulties to make ends meet (no/yes), (ii) low-quality accommodation (due to one of the following items): no indoor bathroom or indoor toilet, insufficient heating/cooling (no/yes), (iii) neighbourhood problems (due to one of the following items): insufficient access to facilities, lack of public transport, pollution/noise or vandalism/crime (no/yes), and lack of access to health care services, i.e. health care utilization forgone due to (iv) non-availability (no/yes) or (v) non-affordability (no/yes).
Psychosocial factors
These factors included measures of social isolation: (i) living with a partner (yes/no), (ii) feeling often lonely (no/yes) and (iii) social participation, measured by engagement in community activities (through one of the following items): voluntary work, educational training, membership in a club or in a religious or political organization (yes/no). Furthermore, we included (iv) occupational social prestige measured by the International Occupational Prestige Score (SIOPS, 13-78) based on household-level ISCO codes and (v) perceived control (3-12; = 0.69-0.70) and (vi) hedonic well-being (3-12, = 0.63-0.69), two sum scores, each based on three items from the CASP-12 scale. 29 
Behavioural factors
These factors included: (i) heavy smoking, i.e. >30 pack-years (no/ yes), (ii) daily/almost daily alcohol consumption (no/yes) and (iii) regular sport/physical activities, i.e. more than once a week (yes/no).
Missing data
Missing values were negligible, except for a number of predictor variables from the drop-off module, a self-completion paper and pencil questionnaire handed out after completion of the computer-assisted main interviews. In total, 64.9% of the respondents (65+) who completed the main interview also filled in said drop-off questionnaire. Consequently, there were considerable rates of missing data in the concerned predictor variables (Supplementary Table S2 ). These were considered mostly missing at random (MAR), since their missingness was arguably not due to the nature of the required information itself but rather due to the interview mode used to collect them 30 or sociodemographic attributes, 31 and thus observable variables. Against this backdrop, we applied a multiple-imputation procedure, using R-package 'mice' resulting in 50 complete datasets, the results of which were pooled according to Rubin's rule. In order to approximate MAR, we utilized all predictor variables and a number of additional auxiliary variables 32 such as interviewer ratings of the respondent's willingness to answer or their ability to understand questions (Supplementary  Table S2 ), which were used to predict missing values.
Model
Frailty trajectories were assessed using growth curve models (Rpackage lme4 (v1.1-12) based on hierarchical linear modelling 33 with three levels: up to four measurements were nested within individuals, which were in turn nested within countries. Growth curve models using age as time metric provided estimates of the impact of PR on frailty levels at grand-mean-centred age (76.8 years) and regarding change over time (5-year intervals) while controlling for birth cohort. A quadratic growth model for FI was found to provide the best statistical fit, and was thus used for all analyses. We estimated main effects for all predictors and interaction terms with time for PR in order to assess potential changes in impact as people age, and for sex since frailty trajectories are known to vary between women and men. The first conditional multilevel growth curve model included PR only. Models II (education), III (material), IV (psychosocial) and V (behavioural) each added one set of factors, respectively. To analyse the mechanisms translating PR into frailty, we computed the raw percentage reduction of the effect size () of PR after inclusion of the subsequent factors. In a second step, independent contributions of each set of variables (x), e.g. behavioural, regarding the explanation of the impact of PR on frailty were calculated as the percentage reduction in the effect size of PR in the full model (model VI) minus the reduction in a model with all factors except factor x. Overlap was calculated by subtracting the independent contributions from the total reduction of the impact of PR in the full model.
13,14,16
Results
Main analysis
In the total sample, FI values ranged from 0 to 0.92 and showed the expected distribution (mean = 0.18, median = 0.14, 95th/99th percentile = 0.47/0.64). At baseline (2004/05), 18.8 and 20.0% of the respondents were classified as being at risk of income or asset poverty, while only 6.1% were both. In total 25% of the incomepoor older adults were at the same time found in the two highest wealth quintiles. Between 2004 and 2013, 1,574 (13.8%) of the respondents were at risk of both income and asset poverty at least once. Table 1 Table 2 shows the results of the nested multilevel growth curve models. Note that the effect of poverty decreased and model fit increased particularly when psychosocial factors were included (model IV). Analysis of pathway factors (not tabulated) showed that each set of potential pathway factors included separately (models II-V) reduced the impact of PR: behavioural = À8.8%, education = À17.6%, material = À20.6%, psychosocial = À44.1%.
The individual contributions from each set of factors in explaining the impact of PR on frailty, net of other factors, were: 20.6% for psychosocial factors, 8.8% for material and only 2.9% for education and health behaviour, respectively. Overlap in the contribution between factors, i.e. indirect effects running through multiple sets of predictors, was considerable (26.5%). For the explanation of the poverty-frailty link, financial difficulties (material), perceived control (psychosocial) and exercising (behavioural) were the most important respective variables. In total, 61.8% of the association between PR and frailty were accounted for.
Sensitivity analysis
The results of the sensitivity analyses are found in Supplementary  Tables S3 and S4 . First, we tested the robustness of our results with regard to the imputation procedure. When compared with list-wise deletion, results based on multiple imputation showed better model fits and highly similar substantive results. Second, we stratified the analyses by sex since PR is known to be more prevalent among older women and since their frailty/growth levels are higher/steeper than those of men. However, sex-based differences were modest only. Third, childhood SES and health and adult health problems could confound our results. Based on retrospective interviews from the subset of respondents who participated in the third wave, we thus expanded our models to include childhood conditions at age 10 (health, SES) and health problems during adulthood (physical injuries, longer periods of ill-health/disability) (Supplementary Table S5 ). In the growth curve models, poorer SES and health in childhood and later health problems were independently associated with increased old-age FI. Importantly, controlling for these predictors and consequently relying on a smaller subset of respondents did neither change the results with regard to PR nor the pathway variables. Fourthly, frailty levels and time-varying predictor variables were measured at the same point in time, which allows for causality to potentially work both ways. Thus we computed models using lagged time-varying predictors to depict the relationship between a predictor, such as regularly engaging in sport/ physical activity, and FI in the subsequent wave 2/4 years later. These lagged models showed only small to moderate effect reductions for the time-varying predictors, but left both the direction of the association and statistical significance untouched, thus supporting the hypothesized direction of causation.
Discussion
This study analysed pathway variables linking PR and old-age frailty in 10 European countries. We operationalized PR based on 'both' low income and wealth. Considering wealth is important since older adults tend to have (accumulated) above-average wealth. 24 Indeed, we found that only a third of the older adults at income PR in our study reported at the same time low household wealth and a quarter, conversely, belonged to the wealthiest 40%. This is to say that researchers should pay more attention to both income and wealth when ascribing and assessing old-age poverty.
Poverty status can be considered a particularly relevant social determinant of health as it corresponds to a complex of accumulated risk factors. We attempted to shed light on the explanatory value of material, psychosocial and behavioural factors for the poverty-health association in old age which are analytically different, but in social reality often intertwined. Our study has shown PR to be associated with increased FI, comparable to the sex-disparity. This impact of PR on FI levels is in line with the adverse health effects of PR found in previous studies. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Specifically, with regard to the adjusted effect of PR, a study 10 using data from the US reported a highly similar effect size. Furthermore, we found the effect to slightly increase over time, which is compatible with both the status maintenance hypothesis, 34 which outlines that SES attained in middle age continues to affect health in old-age, and the cumulative advantage theory. 35 The Figure 1 Predicted frailty trajectories by PR for older men and women (65+). Notes: Predicted frailty trajectories based on the fixed part of the model with 95% confidence intervals (dashed lines). FI, frailty index latter asserts that disadvantages such as living at PR in old age-itself often the result of early childhood disadvantage, low education, and restricted or low-income employment history and inheritance-do accumulate further over time. For a clearer picture, however, further research based on longitudinal data covering the whole life course is required.
In our analysis of the explanatory value of material, psychosocial and behavioural factors with regard to the poverty-health link, we found a substantial overlap between the different types of factors similar to a recent study from the Netherlands. 16 This supports the notion of poverty as a complex of interlinked risk factors. In contrast to a recent systematic review study on the SES-health link 17 but in line with the results from one of the few studies focussing on older adults, 15 we found psychosocial factors such as social isolation, 14 well-being 36 and in particular perceived control 12, 13, 15, 16 more important than material factors. Via sensitivity analyses, we demonstrated these to be robust relationships, supporting a causal link between multiple psychosocial factors and frailty.
In contrast, we found the impact of behavioural factors to be small, which is also in line with previous studies 12, 13, 15 assessing the SES-health link. Frequent physical activity was less prevalent among respondents at PR, 23 while heavy smoking was not associated with PR at all, and daily alcohol consumption was even less prevalent among those at PR. The latter could be due to the measurement method used in SHARE, which relied on the frequency of alcohol intake rather than on quantity. Indeed, it has been reported 37 that lower SES groups tended to drink more heavily, whereas higher SES groups tended to drink more frequently instead. Expectedly, smokers with more than 30 pack-years and those who were not physically active showed increased levels of frailty, whereas the effect of frequent alcohol consumption was reversed. 38 With respect to explaining the poverty-frailty link, however, a lifetime of heavy smoking and current lack of regular physical exercise hardly mattered. 12, 13, 15, 16 In other words, we found that while those at PR partly behaved more poorly with regard to their health, 19 only a small proportion of the negative impact of PR on physical health in later life was attributable to such behaviour.
From a public health perspective, health care coverage generally seemed adequate in the 10 European countries included, with only a small minority (<4%) reporting forgone health care due to nonavailability/affordability. However, forgone health care utilization was associated with a substantially increased FI, childhood SES predicted old-age health despite a large number of control variables, and the PR-related gap in frailty persisted, even slightly increased throughout old age. Thus, public health intervention should be intensified with regard to poverty and its negative consequences from an early age on. Against the backdrop of the small contribution of health behaviour and the more substantial effect of material, but particularly psychosocial factors in explaining the PRrelated health gap, ambitions of public health policies should be redirected. They should be expanded towards improving the socio-economic and -cultural context in which poverty and, in consequence, a perceived lack of control over one's life as well as social isolation are generated and reinforced. Thus interventions should rather focus on empowerment 39 than on individual health behaviour and the alleged responsibility thereof. 19, 40 To our knowledge, this is the first study focussing on variables explaining how PR translates into poorer physical health among older adults. Further strengths of this article are the cross-national, longitudinal data used, the range of potential pathway variables tested and the extensive sensitivity analyses supporting the robustness of the results.
Our study, however, has several limitations as well. First, although longitudinal panel data covering four waves of SHARE was used, information on a number of predictor variables was available only for wave 1; therefore, subsequent changes in these variables were not considered. Second, with regard to variable selection, we endeavoured to include a large variety of predictors; however, information on several potentially important factors was missing: past working and housing conditions, quantity of alcohol intake, family problems, shame and social stigma. Third, poor older adults and those with high FI are likely under-represented in SHARE since they are arguably less easily available (institutionalization), capable or willing to participate in extensive survey studies.
In conclusion, we found PR associated with increased levels of frailty among older adults, and the gap persisted, even slightly increased throughout old age. Rather than educational or behavioural factors, material and in particular, psychosocial factors such as perceived control and social isolation explained a large part of PRrelated differences in frailty. Future research and public health efforts should focus on the socioeconomic and sociocultural context in which these factors are generated and reinforced, rather than to concentrate on behavioural aspects alone.
Supplementary data
Supplementary data are available at EURPUB online. 
Key points
Poverty has been found to be detrimental for physical health among older adults, but the impact of multiple pathway factors (material, psychosocial, behavioural, education) in explaining this poverty-health link has not been studied to date. Poor older adults showed significantly higher frailty levels than non-poor older adults, and the gap slightly increased over time. In total, 62% of the impact of poverty on frailty could be explained; the detrimental effect of poverty on health was mainly due to psychosocial factors and material factors, whereas the impact of behavioural factors was small. Overlap between education, material, psychosocial and behavioural factors was substantial, which highlights poverty as a complex of interacting risk factors for health. Efforts to fight poverty and its detrimental health effects should be strengthened and the scope of interventions should be broadened with regard to psychosocial factors.
